We have analyzed GHRS data of eight Classical T Tauri stars (CTTSs) and one Weak T Tauri star (WTTS). The GHRS data consist of an spectral range 40Å wide centered on 2800Å. For 4 of the CTTS we have nearly simultaneous optical observations which contain Hα, Hβ, He I, NaD, and the Ca II infrared triplet. The Mg II resonance doublet is the strongest feature in the 2800Å range. This line has a fairly wide and symmetric emission component (∼ 200 to ∼ 300 km s −1 for the CTTSs), with a narrow central absorption and a wide blueshifted absorption superimposed to it. The narrow central absorption width and equivalent width are inconsistent with being due only to ISM clouds described in the literature, which lead us to conclude that it is partially due to non-LTE processes in the emission line region itself. The emission profile closely follows Hα. Its large width in CTTS cannot be due to the Stark effect and we suggest that it is due to supersonic turbulence. All the stars show blueshifted absorptions that are evidence of outflows (terminal velocities ∼ 300 km s −1 ), with multiple flows observed in two stars. We show evidence that the wind is not spherical, with wind signatures being stronger for lower inclinations at a given accretion rate. We briefly compare other optical lines with the hot transition region lines observed in CTTS.
Introduction
In this paper we continue the analysis of Goddard High Resolution Spectrograph (GHRS) spectra for pre-main sequence stars. The first part of this analysis has been reported in Ardila et al. (2001) (Paper I) . Our sample consists of 8 Classical T Tauri Stars (CTTSs) and one Weak T Tauri Star (WTTS). Here we will concentrate in the Mg II resonance doublet at 2800Å and its relationship to (simultaneous) optical observations. The Mg II resonance doublet (2795.53 and 2802.71Å, the k and h lines, respectively) is the strongest near-ultraviolet feature in the spectra of T Tauri stars (TTSs). Analyses of high resolution IUE observations of Mg II in TTS have been performed by Calvet, Basri, & Kuhi (1984) , Calvet et al. (1985) , and Gomez de Castro & Franqueira (1997) , among others. These show line profiles that are broad (∼ 300 km s −1 ), with a central narrow absorption and a wide blueshifted absorption, superimposed to the broad emission. Observations of Mg II in cool stars (Basri & Linsky 1979) show that the central absorption can be produced either by ISM absorption or non-LTE effects in the stellar chromosphere. The blueshifted absorption indicates the presence of a cool outflow (Calvet 1997 ).
Most of the observational evidence for the Magnetospheric Accretion Model (MAM, the idea that the optical and ultraviolet characteristics of TTSs are the result of magnetically channeled accretion) comes from optical line and continuum emission. In the current picture (Hartmann, Hewett, & Calvet 1994; Muzerolle, Calvet, & Hartmann 1998a; Muzerolle, Hartmann, & Calvet 1998b , Muzerolle, Calvet, & Hartmann 2001 it is assumed that the strongest optical lines (the members of the Balmer series, NaD, the Ca IIinfra-red triplet, He I) form in an accretion funnel. The blueshifted absorptions are the result of a cool outflow that, in general, does not produce emission. The model does a good job explaining the general characteristics of the data as a whole, although individual observations of individual stars still have unexplained features. Edwards et al. (1994) used optical spectra of a sample of 15 CTTSs to confirm some of the magnetospheric predictions: blueward asymmetric emission lines and redshifted absorption components at typical free-fall velocities that are naturally explained by magnetospheric infall. However, a study of 30 TTSs by Alencar & Basri (2000) (AB2000) shows that Hα lines are symmetric, with broad wings often extending to ±500 km s −1 . Traditionally, magnetospheric models have had a hard time accounting for this high-velocity emission, as the line widths depend only on the infall velocity of the gas, which for typical CTTS parameters is around 200 -300 km s −1 . Furthermore, due to occultation effects, the models predict larger and more frequent asymmetries than those observed. A new set of models (Muzerolle et al. 2001) , incorporating stellar rotation (a small effect in general) and line broadening (dominated by the linear Stark effect in the case of Hα) can account for most of these discrepancies, as it predicts broad and fairly symmetric Hydrogen lines. The models naturally predict that lines such as Mg II should be much narrower than Hα (given that Mg II is not affected by the linear Stark effect), assuming that they are formed in similar regions.
Different regions of the funnel flow are expected to emit differently, and certain optical lines show evidence of multiple emission regions. Batalha et al. (1996) show that He I and Ca II exhibit profiles typically with narrow (NC) and broad components (BC). AB2000 concludes that the Balmer lines and the BC of other lines are mainly formed in the magnetospheric flow, with the NC formed close to the star. The NC of the Ca II and He I lines are thought to be formed partly at the stellar surface, which is perturbed by the infall of material, and partly in the normal stellar chromosphere. Martin (1996) argues that Mg II should be one of the most important coolants in the magnetospheric flow. This strong doublet provides us with another observational constraint that models should obey. If formed collisionally at low densities, the Mg II ion has a maximum population at 13000 K (Arnaud & Raymond 1992) , although in the sun the self-reversed core is formed at ∼ 7000 K (Vernazza, Avrett, & Loeser 1981) . Being a resonant transition, Mg II is very sensitive to cool wind absorptions. In addition, the optical depth of Mg II k at line center (for a line with FWHM∼ 300 km s −1 and assuming solar metalicity, with all the Mg as Mg II) is 6 10 −19 × N H , where N H is the hydrogen column density. The models by Hartmann et al. (1994) predict volume densities in the funnel flow larger than 10 10 cm −3 over distances of a few stellar radii. Therefore, if formed in the accretion funnel (as Hα is believed to be), the Mg II resonant lines, like the Balmer lines, should be very optically thick.
In this paper we present an analysis of GHRS data in a 40Å-wide spectral window centered around 2800Å, for a sample of eight CTTSs (BP Tauri, T Tauri NS, DF Tauri AB, RW Aurigae ABC, DG Tauri, DR Tauri, RY Tauri, and RU Lup) and one WTTS (HBC 388, also known as V1072 Tau and NTTS 042417+1744). These data are part of the same set of data in which Paper I is based. One of the defining characteristics of TTSs is their strong variability (photometric and spectral) on timescales of hours and days (Basri & Bertout 1993) . Therefore, to make a comparison between the optical lines and the Mg II lines meaningful, simultaneous observations in the optical and UV must be arranged. For four of the stars we obtained nearly simultaneous (within 24 hours) optical data. The optical data span some of the strongest visible lines in the TTS spectra, including Hα, Hβ, the Ca II infrared triplet (IRT), He I, and NaD. Such simultaneous multi-wavelength coverage is one of the best ways to understand the characteristics of the line formation region. Our purpose is to examine the data in the context of the MAM. As shown in the references, careful models of funnel flow emission and wind absorption have been published elsewhere and we will not repeat that work here.
The remainder of this paper is organized as follows: we will briefly describe how the optical and UV observations were taken, and provide an overview of the data. In Section 4 we will analyze the data, specially the Mg II resonance lines. We begin with a discussion of the narrow absorption feature present in these lines. In Section 4.1.2 we study the kinematic characteristics of the Mg II emission components and compare them to the Balmer lines. In the next section we will discuss the relationship of the Mg II lines with the accretion phenomenon. Section 4.1.4 has a study of the wind characteristics in our stellar sample. At the end, our conclusions.
Observations
The characteristics of the observed targets are summarized in Paper I. All (except RU Lupi) belong to the Taurus star formation region, and we assume that all are at a mean distance of 140 pc from the Sun. They do not comprise a homogeneous sample in accretion rate: while RY Tau has low accretion rate (∼ 10 −9 M ⊙ yr −1 ), and BP Tau, T Tau have average accretion rates (∼ 10 −8 M ⊙ yr −1 ), the remaining stars have very large accretion rates (∼ 10 −7 M ⊙ yr −1 ).
UV Observations
We obtained these data using the Goddard High Resolution Spectrograph (GHRS; see Brandt et al. 1994) , one of the first generation instruments aboard the Hubble Space Telescope. The details of the reduction process have already been described in Paper I. Here we summarize them.
These data were obtained in GO programs executed in cycles 3 and 5, as well in GTO observations in cycles 2 and 3. Table 1 presents the log of observations. The observations before 1994 were made using the aberrated optics; later observations used the COSTAR corrective optics. The pre-COSTAR data are not seriously affected by the mirror aberrations, primarily because the lines are significantly broader than the instrumental width.
The observations were obtained through the large science aperture, which projects to a 2 arcsec square on the sky pre-COSTAR, and to 1.74 arcsec post-COSTAR. On-target observations were summed using comb-addition (see Heap et al. 1995) . Each pixel corresponds to 1 4 diode width; the instrumental resolution is about 4.4 pixels. The large science aperture subtends 8 diodes, or 32 pixels, in the dispersion direction. The instrumental resolution is constant with wavelength and is the same for each individual observation and the co-added frame. The resolving power is 30000 at 2800Å. The statistical uncertainty on the wavelength scale is 0.6±2 km s −1 . There may be systematic offsets of up to ±6 pixels (±12 km s −1 ) due to the target centering process, primarily for the pre-COSTAR observations. Further offsets may result from non-uniform filling of the aperture in the case of extended emission. All readouts from a particular observation were interpolated to a common linear wavelength scale and summed. An effect of the interpolation is to smooth the data, and we scaled the error vectors accordingly.
Optical Observations
In order to make a direct comparison between the traditional optical diagnostics and the UV lines, we arranged high resolution optical spectra to be taken at the same time as the HST spectra. Since T Tauri stars have been shown to be variable on the timescale of a few hours in both the optical and UV, it was essential that they be taken as closely together as possible.
We arranged for the ground-based observations once we knew when the HST observations were scheduled, taking our chances that the stars would be observable from and the appropriate instrument would be available at the Lick Observatory. This strategy was successful for the four HST observations between July 30 and August 10, because the Hamilton echelle was in use on the 3-m Shane reflector and Taurus rose slightly before morning twilight. We were not able to arrange simultaneous observations for the 1995-1996 program. A log of the optical observations is shown in Table 2 . Some of our spectra were obtained with an interval of as little as 8 hours between the UV and optical spectra, but more typically 12-15 hours. We did not ask the observers to change the spectrograph settings they were already in (which would also have entailed a new set of calibration spectra). We are deeply grateful to the observers who agreed to take these observations. The Hamilton is a cross-dispersed echelle with many orders per exposure, so we knew that at least some of the interesting optical lines would be in the format. The observers sent us the raw spectra and calibration exposures, and we used our standard echelle software to produce our final spectra. The absolute wavelength scale was obtained as usual from ThAr spectra. Reduction procedures have been described by Valenti (1994) . The spectra were not flux-calibrated.
General Characteristics

UV Data
Figures 1 and 2 show our ultraviolet data. All the spectra are in the stellar rest frame, with an air wavelength scale. For each spectrum we have marked FeII (2779.30 and 2783.69 A) , the Mg II resonance doublets, and the subordinate Mg II lines belonging to the UV3 multiplet (2790.78 and 2797.96Å). The dead diodes for the RU Lup observations have been set to zero. For DG Tau and DR Tau (9/7/95) we have averaged observations taken on the same day. The spectra show wide Mg II emissions, with narrow and broad absorptions superimposed to them. A weak continuum is also present in most stars. In some stars, the members of the UV 3 multiplet are clearly seen blended with the Mg II resonance lines. We observe weak wind absorption in the subordinate Mg II line (2790.78Å) for RW Aur, DR Tau and perhaps DG Tau. This line is likely pumped by the strong resonance Mg II k line (Errico, Lamzin, & Vittone 2000; Lamzin 2000a; Lamzin 2000b; Lamzin, Vittone, & Errico 2001) .
Optical Data
Extensive analyses of the optical spectra of CTTS have been published elsewhere (e.g. AB2000), and therefore here we will concentrate on those lines that can be related to the UV diagnostics. In our optical spectra, the strongest features are Hα (6562.80Å), Hβ (4861.32 A), He I (5875.63Å), NaD (5889.95, 5895.92Å) and the Ca II infrared triplet (8498.02, 8542.09, 8662.14Å) . We have spectra of Hα, He I, and NaD for the four stars. We have spectra of Hβ for BP Tau and DF Tau, and spectra of the bluest member of the IRT for BP Tau and RW Aur. These emission lines are shown in Figure 3 , in which the accretion rate increases from left to right. For DF Tau we also have all the three members of the IRT (only the bluemost is shown). The lines for DR Tau are the average of two observations separated by 24 hours. We do not have the same lines for all stars due to the fact that they were obtained by other observers, and, in order to minimize the impact in their observations, we did not ask them to change their settings. As we are interested mainly in comparing these lines with the UV lines, here we present a simple overview of the data. by AB2000 is not observed in any of our profiles. The NaD line shows the characteristic filled absorptions. The He I line also shows narrow and broad components. In addition, BP Tau, DR Tau, and possibly RW Aur, show a redshifted absorption component, as has been documented previously (AB2000). In summary, the optical spectra simultaneous with the UV spectra are not unlike other spectra that have been observed and analyzed previously. This is an important point, as we will generalize from this observations to the usual behavior of the star.
Using the data from Paper I, we can compare optical lines with simultaneous UV lines. Batalha et al. (1996) argue that the part of the narrow components due to accretion in the He I and Ca II lines, is formed in the chromosphere of the star, next to but outside the footpoints of the accretion column. The C IV and Si IV resonance doublets are also believed to be formed close to the star, where the temperatures are highest. In Paper I we found that the morphology of the C IV lines is very different from that of the He I or Ca II lines: as Table 3 show, the latter lines tend to be narrower (FWHM less than ∼200 km s −1 , compared to FWHM∼200 km s −1 in most cases for C IV) in those stars for which we have simultaneous optical and UV spectra. For the two stars in which we perform decompositions of the C IV lines (BP Tau and DF Tau) we do not find any conclusive relationship between the width, velocity centroids or flux of the Gaussian components of these lines and those of He I and Ca II. This is not surprising given the very different thermal regimes both sets of lines sample.
Analysis
We have measured the parameters of Mg II resonance lines and of the optical lines indicated in Figure 3 . The results are shown in Table 3 . For each measurement we have used the noise vector provided with the data to obtain an error estimate. In general, we have measured fluxes, full widths at half-maxima, and velocity shifts, by fitting a Gaussian or a combination of Gaussians to the profiles, using a Marquardt routine. The Mg II lines are modeled as the sum of one emission component and one or more absorption components. We choose to analyze the profiles in terms of Gaussian components because they show symmetric wings. The Gaussian decomposition does a good job in describing the shape of the red wing and the far blue wing of the profiles. In Table 3 we give the parameters for the emission components only, after subtraction of the members of the UV 3 multiplet, if possible. The members of the multiplet are clearly separated by the fitting routine in most cases. For DG Tau, RY Tau, and RU Lup we find that one Gaussian emission component correctly reproduces the emission, even at the wavelengths affected by the UV3 multiplet. For these stars no attempt to subtract the multiplet has been made.
For the wide blueshifted absorption we indicate its velocity and the FWHM, if the absorption can be fit by a single Gaussian (which is only possible in some cases). For all the blueshifted absorptions we indicate the "terminal velocity", the velocity at which the absorption reaches the continuum (either the real continuum or the Mg II line wing). We model the Balmer lines as a strong emission with superimposed absorptions. The He I and Ca II lines are modeled as the sum of a BC and a NC. For each optical profile, we measure the center and the full width at half maximum (FWHM) of the emission components. This procedure is not applicable to the NaD lines.
The Mg II Resonance Doublet
Narrow Central Absorption
As Figures 1 and 2 show, there are narrow central absorptions superimposed to the wide resonance lines of Mg II. Observations of the Mg II resonance lines in cool stars (Basri & Linsky 1979) show strong central core reversals and ISM features. When it is assumed that the absorptions are due only to ISM absorption (by which we mean any absorption by material not related to atmospheric processes in the vicinity of the star: i.e., material in a circumstellar or intervening cloud) it is not uncommon to find absorption components whose characteristics do not correspond to those predicted by models of the Local Interstellar Cloud (LIC) or the G cloud (Wood et al. 2000; Brandt et al. 2001) . These extra components are perhaps due to other smaller and yet to be described clouds. On the other hand, given that the characteristics of the line formation region in TTSs are not very well known, it is not clear what one would expect in terms of self-reversals in the core of the Mg II line. It is for this reason that we have decided to examine the question of the nature of the narrow central absorption present in all our spectra, which has in the past been identified with ISM absorption (Gomez de Castro & Franqueira 1997) . Both possibilities (ISM absorption vs. intrinsic NLTE self-reversals) are not mutually exclusive: for example, the core of a NLTE self-reversal may be affected by ISM absorption. We conclude below that the central absorption is impossible to understand as being due just to absorption of interstellar material in the line of sight. Table 4 lists measurements of the velocity of the line (in the stellar rest frame and with respect to the Mg II lines) and its FWHM. We have obtained these parameters by simple Gaussian fittings to the profiles, including the wind absorption. The latter is very saturated in most stars and we have not attempted a perfect fit to the profile, only to the region with the narrow absorption. The table also includes the radial velocity of the star, the predicted velocity of the ISM 6 , either the LIC or the G cloud, as modeled by Redfield & Linsky (2000) , and the difference between the two.
Measurements of the equivalent width (EQW) of the observed narrow absorptions (also shown in Table 4 ) yield a wide range of values, from 0.1Å for T Tau, to 0.3Å for RU Lup and 0.6Å for RY Tau. These are uncertain measurements, given that the 'continuum' is, most of the time, the rapidly varying red wing of the blueshifted absorption. After division by the Gaussian fits to the emission component (Section 4.1.2), the narrow absorptions in the k and h lines reach similar depths (which means that the lines are saturated). No correlation of EQW with inclination or accretion rate is observed. Notice the variability in the EQW of DR Tau between the two epochs, which is larger than the variability in the emission line flux. Additionally, note that RY Tau is the only CTTS in our sample for which no wide, blueshifted absorption is observed (Section 4.1.4). The central absorption in this star (the widest absorption in the sample) is asymmetric, rising more gently on the blue than on the red side (which explains the large negative velocity in Table 4 ). These observations point to the fact that we are seeing the effects of a low velocity wind in the narrow central absorption feature of RY Tau. Redfield & Linsky (2001) have observed ISM absorption, using STIS/HST in the Mg II lines of 18 stars from the Hyades, which is in the general direction of the Taurus cloud. In their work, they characterize a new cloud, the Hyades cloud, between the LIC and the Hyades. From their paper, we measure equivalent widths of the order of 0.1Å. This is the lower limit of the equivalent widths measured in this work.
From Table 4 the velocities of the narrow absorption coincide with those predicted by the LIC model in the case of BP Tau, RW Aur, and DR Tau. Also, NaD profiles of BP Tau and DF Tau show that for these stars, the velocity of the absorption in Mg II is within 5 km s −1 of the absorption in NaD. We do not see any correlation between the velocity of the absorptions and velocity centroids in other lines of the same star, either for the Mg II emission components or the H 2 lines that were measured in Paper I. We should point out that due to targeting errors in our data, there may be systematic offsets in velocity of up to 12 km s −1 between different stars. These systematic errors will affect the measured velocity of the narrow absorption. Given the possibility of additional clouds and the systematic errors, the match (or lack of it) in velocity space between the measured and the predicted velocities is not very significant.
A different handle on the origin of the narrow absorption is provided by the line widths. Redfield & Linsky (2001) measure Doppler parameters for the ISM absorption that vary between 2 and 4 km s −1 . Separation in velocity between the Hyades cloud and the LIC can be as large as 10 km s −1 . Fitting a Gaussian to their observed ISM lines, it is possible to obtain k line full-width at half maxima of about 20 km s −1 (including the correction for the instrumental resolution of the GHRS). These widths are again a lower limit to our observed widths.
On the other hand, the width of the absorption in HBC 388 is similar to that of nearby cool stars like β Cet, λ And, and µ Vel (Basri & Linsky 1979) . In these cool stars, the absorption is thought to be due to NLTE self-reversals. The HBC 388 absorption is the narrowest in the sample which suggests that the widths of the absorptions are determined by a process related to the accretion of the CTTSs. If we are seeing a self-reversal due to material in the funnel flow (assuming that this is the origin of the Mg II emission), the width will be determined by the geometry of the accretion sheet or tube. In this case one would indeed expect a wider absorption in CTTSs than in WTTSs, given the large range of line of sight velocities available. On the other hand, no correlation is observed between the width of the lines and the accretion rate or the inclination.
A comparison with measured v sin i (taken from Johns-Krull et al. 2000) , does not help to decide the issue. Since the absorption lines are saturated, the effect of the rotation is likely to be small. Projected rotational velocities for our stars range from 10 to 20 km s −1 . In this case the Gaussian kernel of the rotationally broadened profile has a FWHM of only 5 to 10 km s −1 , very small compared to the line width. We do not observe any correlation between measured v sin i and the FWHM of the absorptions.
In summary, the narrow central absorptions of the stars in our sample have larger EQW and larger FWHM than the ISM absorptions (due to the LIC and the Hyades cloud) observed in stars on the same line of sight. It is not impossible that other, farther clouds may exist that contribute to the absorption. Furthermore, the Taurus region itself may produce absorption in Mg II. To produce a 20 km s −1 FWHM absorption, the cloud material should have a Doppler parameter b ∼ 10 km s −1 , much larger than other values observed in the ISM. In addition, the fact the HBC 388 has the narrowest absorption in the sample lead us to conclude that most of the width of the observed narrow absorption should be due to non-LTE processes in the T Tauri system itself. The lack of correlation of the line parameters (FWHM and EQW) with inclination or accretion rate indicates that the accretion process is not narrowly confined in angle and that the decay of the Mg II source function is insensitive to changes in accretion rate by over an order of magnitude.
Emission Profile: Kinematics and Comparison with Balmer Lines
As the flux ratios in Table 3 show, none of the emission components of the Mg II lines are optically thin. For some stars, the k line is significantly narrower than the h line (RW Aur, DG Tau, RU Lup), and, in all the stars except RW Aur, the k line flux is brighter than the h line flux. The fact that the Mg II k line is generally stronger than the h line may be due a geometrical effect: the more optically thick k line will be optically thick over a larger area. Of course, this assumes that velocity and source function gradients do not negate such a simple argument.
In general, there is a difference between the centroids and widths of the emission for each member of the Mg II doublet, and we see the stars divide in two groups: on the one hand DG Tau, RU Lup, and RW Aur show a k line narrower and blueshifted with respect to h. The rest of the stars show small differences (up to 10 km s −1 ) between both components, both in the width and the velocity of the centroids. With such a small sample is not clear if this behavior is simply the result of differences in the source function inherent in each source, or it reflects different formation places in the stars. This is definitely one of the behaviors that any model of the region should explain, akin to an explanation of the Balmer decrement in the optical range. Figure 4 shows the Mg II doublet and the Hα line on a common velocity scale for those stars for which we have simultaneous optical and ultraviolet data. The similarity between the Mg II lines and the Hα lines is remarkable. In most stars, the wings of the lines are well matched, as are the absorption features. The depth of the blueshifted absorption tends to be deeper and wider in Mg II (a resonance line) than in Hα, as discussed in the introduction. The similarity of the emission components in Hα and Mg II strongly suggests that both have a common origin and are affected by the same processes. As Table 3 shows, the line width is similar (but not identical) in Mg II and Hα for all the four stars for which we have simultaneous optical and UV spectroscopy. The most glaring exception is RY Tau, which we discuss below. The red wings of Hα follow the Mg II k line very closely. We have used the fact that the far wings of the average Hα line are symmetric to fit a low, very broad component (VBC) to them (see Figure 6 , top plot). We believe that the Hα line can then be described in terms of three Gaussian components: the low, very broad component (FWHM=470 km s −1 ), a broad (BC) redshifted emission component (FWHM=117 km s −1 ) and a blueshifted absorption (FWHM=150 km s −1 ). For the Mg II profiles, a number of different decompositions are possible. It seems unlikely, however, that a very broad component is present. From Figure  4 , the red wing of the h line drops very quickly to its continuum level (the red wing of the k line is affected by the wind absorption of h). The same is true for the second epoch of DR Tau observations. To fit the lines, we reflect the profiles around their center of symmetry and to this composite profile we fit a Gaussian. As the figure shows, such a procedure reproduces the red wing of the line very well. There is no real evidence for a VBC in Mg II.
HBC 388 is a WTTS and, as mentioned in the introduction, its emission is unrelated to accretion processes. The FWHM of the emission components is ∼ 70 km s −1 . This star shows a redshifted absorption in both lines, at ∼ 30 km s −1 . We believe this is due to downdrafting material condensing out of prominences. Similar redshifted absorptions have been observed in Hα for solar flares ) and in WTTS (Wolk & Walter 1996) . Assuming the specific intensity of Mg II is the same for HBC 388 and the CTTSs, the flux in the emission lines due to non-accretion processes should be in the ratio of the square of the radii. From the stellar radii quoted in Paper I, Table 1 , we conclude that the accretion process dominates emission in Mg II. Here we should add the same caveat as in Paper I: HBC 388 is an early K and it is unclear how representative its atmosphere is for all the CTTSs in our sample.
The origin of the Mg II lines in CTTS is not fully understood, but the similarity with Hα indicates that they come from the same region. Models to produce the line in an spherical The velocity scale is centered on the k line. The Gaussians are fit to the reflected Mg II profiles. These are not shown here, but they are traced by the total fit. (Hartmann et al. 1990) or conical (Calvet, Hartmann, & Hewett 1992) wind tend to produce deeper than observed blueshifted absorptions in the Hα profiles. In addition, Johns & Basri (1995) have shown that, for a sample of seven stars, the blueshifted absorption is uncorrelated with the rest of the line. As mentioned in the introduction, current models (Muzerolle et al. 2001 ) assume that, in general, all the emission component of the Hα line is formed in the funnel flow and the blueshifted absorption is the result of the T Tauri wind, which is assumed not to produce any emission. In these models, Stark broadening is necessary to reproduce the large widths and the symmetric appearance (AB2000 find symmetric wings in Hα for 80% of their stars) of the Hα lines, specially in high accretion rate stars like DG Tau, DR Tau, and RU Lup. However, the resonance lines of Mg IIare not affected by the linear Stark effect and is only weakly affected by the quadratic Stark effect, at least compared to Hα. Only in the case of DR Tau it seems that the very broad component observed in Hα is not present in Mg II, as would be expected from the Stark effect. From the fact that their models cannot reproduce its shape, Muzerolle et al. (2001) argue that the Hα emission from DR Tau comes mostly from the outflow. However, using a simplified model, Alencar et al. (2001) show that by changing the temperature profile of the funnel flow and the inclination of the star, one can reproduce the narrow emission component. They argue that the breadth of the Hα BC emission may be due to magnetic turbulence, and it is redshifted due to the viewing geometry of the system. This could also be the case for the Mg II emission components, which are also redshifted.
The symmetry and width of the Balmer lines, and the similarity of the Hα profiles to Mg II suggests an atom independent broadening mechanism. Such mechanism may be supersonic Alfvénic turbulence, as has been suggested in the past (Basri 1990; . This turbulence likely results from inhomogeneities in the accretion flow into the star. To complicate matters in this issue, Beristain, Edwards, & Kwan (2001) have suggested that the wings of the Hα lines for ∼ 50% of CTTS show indications of being formed in a hot coronal wind, which is also responsible for the broad component present in He I. However, as Mg II is a resonance line, it is likely that this wind will emit over larger volumes and produce larger wings in this line than in Hα (See Section 4.1.4). So, the picture that the observations presented here provide is that of a Mg II line formed in the funnel flow, with supersonic turbulence being the dominant mechanism in the formation of the wings for this line and for Hα.
The previous paragraph does not apply to RY Tau, an edge-on system with the lowest accretion rate in our sample (2.5 10 −9 M ⊙ yr −1 , Paper I). For this star the Hα line is broader than Mg II and asymmetric. RY Tau is a type III variable (in the classification originated by Herbst et al. 1994) , which shows occasional obscurations by circumstellar dust. Petrov et al. (1999) and Eaton & Herbst (1995) argue that at least part of the emission lines (Hα and Mg II, in particular) originate outside the region of obscuration, although it is difficult to see how emission at many AU can be responsible for the rapid variations (in timescales of days and less) observed in Hα for this star (Johns & Basri 1995) . In addition, Hα presents absorption components that appear and disappear in these timescales, preferentially at velocities of 0 and -100 km s −1 . In other words, it is not clear that non-simultaneous observations of these lines are comparable at all. High spatial resolution observations in the emission lines may help resolve the situation.
Relation between Accretion Rates and Line Properties
In the context of the MAM, the large brightness and large FWHM of the Balmer lines are believed to be due to the fact that that they originate mostly in the accretion funnel. It is therefore useful to see to what extent these lines are related to the measured accretion rates. A strong correlation has been observed between accretion rate and Brγ (Muzerolle et al. 2001) which implies a correlation between the accretion spot size and the accretion rate.
The Hα fluxes (from Kuhi 1974) and the Mg II fluxes are have similar order of magnitude, although for this sample, the Mg II fluxes show a larger spread for a given accretion rate, than the Hα fluxes. No correlation is observed between the line flux and the accretion rate. It is not clear that a correlation is expected. For a sample of 30 stars, AB2000 did show that a correlation exists between the veiling corrected Hα EQW and the accretion rate. However, the sample used in that correlation comprises mainly low-and medium-accretion rate stars and has only two stars in common with our sample: BP Tau and DF Tau. Muzerolle et al. (1998a) suggest that weak correlations between Hα and accretion rates are expected for accretion rates larger than ∼ 10 −8 M ⊙ yr −1 , as the rate of growth of the line flux decreases for these accretion rates.
Even for the whole range of accretion rates, weak correlations should be the norm, given that the relationship between flux and accretion rate depends on the magnetospheric parameters of each star. Furthermore, accretion rates are uncertain, and known to change with time (Ardila & Basri 2000) . We do not find any significant correlation between Mg II line flux, width, or centroid, and the stellar inclination. We do not find any correlation between wind EQW (as derived in the next section) and the Mg II emission flux. Any conclusions must be tempered by the fact that we are using a sample of only nine observations, which is biased to strong accreters.
Mg II and Outflow Diagnostics
As mentioned in the introduction, Mg II is expected to be very sensitive to the CTTS outflow. Such expectation is confirmed in Figures 4 and 5 , which show very strong absorptions in Mg II, even when such absorptions are weak or absent from the Hα profiles. For all stars the blueshifted absorptions are very similar in the h and k lines. The similarity of the normalized wind profiles in the h & k lines for all the stars implies that the wind is optically thick. The bottom of the absorption then corresponds to the wind source function, which is zero or close to zero in all stars.
All the stars show blueshifted absorption. The RY Tau narrow central absorption has the largest EQW of the sample and is blue asymmetric. This suggests that a low projected velocity outflow is blended with the narrow central absorption. The star is almost edge-on and has the smallest accretion rate in our sample. Another almost edge-on object is DF Tau, with 70 times the accretion rate. For this star the wind is clearly visible. Below we explore the connection between the accretion rate and the EQW of the wind signature.
Multiple blueshifted absorptions are observed in BP Tau and DG Tau. In the latter, such absorptions are also present in Hα (with velocities -103 and -162 km s −1 ) and perhaps Hβ (AB2000). These stand in contrast to the (non-simultaneous) velocities measured in the blueshifted absorptions of the Mg II lines: -38 and -112 km s −1 . The difference is significant, in spite of the systematic velocity shifts in our data. The multiple wind signatures indicate that the wind emission or the source of the wind heating is episodic. It may also indicate the presence of more than one wind source, as has been argued by Beristain et al. (2001) .
In the stars for which we have simultaneous Hα observations, we observe either no wind in Hα (BP Tau), a narrow Hα absorption (DF Tau, DR Tau), or a wide Hα absorption (RW Aur). One could argue that narrow absorption in Hα (narrower than that in Mg II) is expected: the limits in the wind signature of Hα in velocity space are determined by the agent populating the line, either collisions or recombinations from the continuum. As the Hβ profile for DF Tau shows (Figure 3 ) the high velocity limit is the same for Hα and Hβ, which is consistent with a decrease in n=2 hydrogen population. Assuming that the wind accelerates outwards, the low velocity limit is likely due to thermalization close to the CTTS (in which the line populations are mainly determined by collisions), which occurs earlier for Hα than for Hβ. Mg II h & k, being resonance lines, are sensitive to larger wind volumes and/or smaller wind column densities.
This simple picture base on atomic parameters cannot be easily generalized. In RW Aur, the Hα and the Mg II wind follow each other closely. In the low velocity end this may be taken as an indication that the wind is launched from a relatively low density region, given that Hα is not thermalized. The stars with no simultaneous optical data tell a more complicated story: the wind reaches the same terminal velocity in Mg II as in Hα for T Tau, smaller in RY Tau, and larger RU Lup. It may be that the relationship between the Hα wind and the Mg II wind reflects particular conditions of each star and not necessarily general characteristics. What is clear is that the Mg II resonance doublet presents a clear outflow signature even when that signature is weak or absent from Hα. We should also remember that the wind strengths and terminal velocities are all variable and so non-simultaneous observations are not necessarily comparable.
The two different epochs of DR Tau allow us to study the variability of the wind emission (Figure 7) . Between the two epochs there is change in the continuum (an increase of 15% in the overall level), and in the Mg II flux (an increase of 20% in the peak level). In the second epoch, the terminal velocity of the Mg II wind increases from ∼ 350 km s −1 to ∼ 450 km s −1 . It is unclear whether this change in terminal velocity is due to increased density in the outflow or to increased terminal speed in the wind.
We do not observe any correlation between terminal velocity and accretion rate or inclination. However, a better indicator of the overall properties of the wind is the EQW, which simultaneously measures the width and depth of the line. Based on the similarity of Mg II with the Hα line, the failure of models to explain the Balmer lines assuming that they are created in an spherical wind (Hartmann et al. 1990) , and the general success of the magnetospheric models in reproducing line fluxes, we assume that the emission component of the line is created in a different region than the wind. Making this assumption, the wind EQW is independent of the rest of the line. In particular, it does not need to be corrected for veiling, as it is usually done with measurements of photospheric lines of CTTS.
In Figure 8 (bottom) we compare the EQW of the blueshifted absorption with the stellar inclination. We have corrected for the narrow central absorption in all the stars. The figure indicates that edge-on stars have absorptions with less EQW than face-on stars. This is to be expected if the Mg II wind is collimated toward the poles. Note, however, the large scatter near 40 degrees. Part of it is likely due to differing accretion rates. The top plot of Figure 8 shows the relationship between accretion rate and wind EQW. Note that DG Tau has larger accretion than BP Tau, but both have similar inclinations. So, for a given inclination, larger accretion rate implies larger wind EQW. In a similar way, part of the scatter of the top plot of Figure 8 is due to the inclination: for a given accretion rate, two stars wind absorptions will have different EQW for different inclinations.
This simple picture is reinforced by the two observations of DR Tau. The second epoch observations shows indicators consistent with larger accretion rate: stronger Mg II line and larger continuum. So, as expected, the wind absorption has a larger EQW. Here we should remember that accretion rates vary (here they seem to vary by a factor of 2, as this is the factor necessary to make the second DR Tau observation fall in the correlation) and the adopted values are not necessarily valid for the epochs of our spectra.
All the stars with EQW> 2Å have absorptions that reach zero. These tend to be low inclination, high accretion rate stars, as expected from a collimating wind that cools off at it expands. Note also that, in general, larger equivalent width implies larger terminal velocities: RY Tau has a wind terminal velocity of only -100 km s −1 while RU Lup has -350 km s −1 . In other words, the wind accelerates outward (as assumed before), and the maximum velocity component parallel to the disk is of the order of a hundred kilometers per second.
We have intentionally avoided any discussion of an specific wind model, in order to highlight model-independent results. Within the context of the X-wind model (Shu et al. 1994) it is possible to obtain launching velocities of the order of hundreds of km s −1 and accelerations up to some hundreds of km s −1 . While this is a "cold wind" model, dust grains evaporated by X-ray emission may provide the necessary Mg II populations (Al Glassgold, personal communication). The X-wind is launched close to the star. In contrast, models like those described by Camenzind (1990) are disk wind models, originating far from the central star. While kinematically it may be possible to produce the observed velocities, it is not clear what source of heating (perhaps magnetic dissipation?) would ionize Mg in quantities large enough to produce the observed absorptions.
Conclusions
In this paper we continue the analysis (the first part of which is in Paper I) of GHRS observations of TTSs. We have observed eight CTTSs (BP Tau, T Tau, DF Tau, DR Tau, DG Tau, RW Aur, RY Tau, RU Lup) and one WTTS (HBC 388). The GHRS data consists of a spectral ranges 40Å -wide centered on 2800Å. For four of the CTTS we have simultaneous optical observations which contain Hα, Hβ, He I, NaD, and the Ca II infrared triplet. The strongest feature in the UV spectra is the Mg II resonance doublet.
The Mg II resonance doublet lines for the CTTSs are wide (∼ 200 to ∼ 300 km s −1 ) and symmetric lines, and all are optically thick. They show strong wind signatures, as expected given that Mg II is a resonance line. The lines for the WTTS are much narrower (∼ 70 km s −1 ) and with no wind signature. We conclude that most of the line in the CTTSs is due to accretion related processes. This is a tentative conclusion, given that the atmospheres of the WTTS (a K1 star) and those of the CTTSs are bound to be very different. The WTTS also shows evidence of chromospheric downdraft (infall), as observed in other WTTSs.
The Mg II lines show a narrow absorption feature superimposed to the wide emission line. This line is wider than anything that could be produced ISM clouds described in the literature. This leads us to conclude that the narrow absorption feature is due to non-LTE effects (i.e., central core self-reversals) and not to the ISM. Furthermore, the WTTS in the sample shows a narrow central absorption that is the narrowest of the sample, which implies that the absorption is affected by accretion processes. We do not observe any correlation between accretion and line parameters, however. This may indicate that the accretion process is fairly uniform in angle.
The Mg II emission lines can be described by a single Gaussian emission component plus one or more absorption components. The components are optically thick and, for the stars with the largest accretion rates the k component of the doublet is narrower and blueshifted with respect to the h component. Given the small sample presented here, it is not possible to draw general conclusions from this behavior, but it should be explained by any model of the Mg II lines. No correlation is found between accretion rate and the flux in the Mg II lines: for this small sample, the lack of correlation is consistent with the MAM. We do not find any correlation between any parameter of the Mg II line emission and the inclination, which again points to the fact that the emission comes from a region that illuminates most of the sky.
The lines from the Mg II resonance doublet tend to closely follow the shape of Hα. The fact that the correspondence between Hα and Mg II is so good cast doubts on the argument that the large widths of the Hα lines are due to the linear Stark effect, and supports the idea that supersonic turbulence is the main mechanism responsible for the line widths.
The Mg II lines sample larger volumes of wind than the Balmer lines, as evidenced by the large, deep wind absorptions. Terminal wind velocities from 100 to 400 km s −1 are observed. We observe multiple wind components in BP Tau and DG Tau, where two different blueshifted absorptions at large velocities are clearly separated. We observe evidence of thermalization in the Hα wind close to the star and variations in the wind density and/or terminal velocity in a period of two years (for DR Tau). By measuring the equivalent width of the wind absorption we argue that the different morphologies of the wind can be explained by accretion rate and inclination effects: in general, for two stars with the same inclination, the one with the larger accretion rate will have a wind signature with larger equivalent width. We believe that the correlation between equivalent width and inclination provides a simple, model-independent confirmation that the wind in CTTS is not spherical.
In Paper I we showed that the C IV and Si IV lines seem to have multiple components in some stars. The parameters of these components are very different from those of the optical Ca II and He I lines, as expected given the very different thermal regimes they sample. However, models and observations of these optical lines have shown that their narrow components are likely to be formed close to the star, perhaps not unlike the C IV and Si IV lines. The disagreement in the kinematic parameters of the optical and UV lines remain a mystery.
As this work shows, simultaneous comparison between wide ranges of lines in TTS can be very fruitful. We have shown here that while the magnetospheric accretion model is the canonical model used to understand TTS many observations remain to be explained. Higher resolution data and better models will be needed before we can say that we fully understand T Tauri stars. The current consensus, based on the magnetospheric accretion model, is that the emission components of the strong optical lines observed in TTS come only from the funnel flow, with the T Tauri wind providing absorption but not emission. Such simple picture has been motivated by the failure of (spherical and conical) emission wind models to reproduce observed profiles. However, no unified model (emission in the funnel, emission and absorption in the wind) has been attempted with a realistic, self-consistent wind model, like the X-wind model. Such next generation models are a necessary step in our understanding of these systems. Note. -All observations were made with the Lick 3m Shane telescope, using the Hamilton echelle. DR Tau was observed on two consecutive days. b Units are km s −1 .
c Units are 10 −14 ergs sec −1 cm −2 .
d Part of the profile falls outside the detector.
e For this epoch, we have two spectra centered around 2800Å. The two have been averaged before the Gaussian fit.
